This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

• BLANK PAGES 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification <> : 
A61K 9/10 


Al 


(11) International Publication Number: WO 00/09088 
(43) International Publication Date: 24 February 2000 (24.02.00) 


(21) International Application Number: PCT/US99/18530 

(22) International Filing Date: 13 August 1999 (13.08.99) 


(81) Designated States: AU, CA. JP, European patent (AT, BE, 
CH, CY, DE, DK, ES. FI. FR, GB. GR, IE. IT. LU, MC, 
NL. PT, SE). 


(30) Priority Data: 






Published ! 



09/134,287 



14 August 1998 (14.08.98) 



US 



With international search report. 



(71) Applicant: INCEPT LLC [US/US]; 308 Greenfield Road, San 
I Mateo. CA 94403 (US). 

(72; Inventor: SAWHNEY. Aniarprcct. S.; 164 Springs Road, 
Bedford. MA 01730 (US). 

(74) Agents: JACKSON. Robert, R et liL; Fish & Neave. 1251 
Avenue of the Americas, New York, NY 10020 (US). 



(54; Title: COMPOSITE HYDROGEL DRUG DELIVERY SYSTEMS 
(57) Abstract 

Compositions and methods are provided to control the release of relatively low molecular weight therapeutic species through hydrogels 
by hrst dispersing or dissolving such therapeutic species within relatively hydrophobic rate modifying agents to form a mixture. The mixture 
is formed into microparticles that are dispersed within bioabsorbable hydrogels, so as to release the water soluble therapeutic agents m a 
controlled fashion. Methods of using the compositions of the present invention in therapeutic systems are also provided. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates paiiy to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Hencgovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

UV Belarus 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

Cl Core d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

Dfc Germany 

DK Denmark 



ES 

Ft 

Kk 

GA 

GB 

CE 

GH 

GN 

GR 

HI) 

IE 

IL 

IS 

IT 

jr 

KE 
KG 

KK 

KZ 

IX 

LI 

LK 

LR 



Spain 
hinlanJ 
France 
Gabon 

United Kingdom 
Georgia 
Ghana 
Guinea 
Greece 
Hungiiry 
Lie land 
Israel 
Iceland 
luli- 
Japan 
Kenya 
Kyrgyzitan 
Democratic People's 
Republic of Korea 
Republic of Koica 
Kazakhstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS 


Lesotho 


St 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LL 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


SZ 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TC 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


VA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United Slates of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


sz 


New Zealand 






PL 


Poland 






HI 


Portugal 






HO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SO 


Singapore 







WO 00/09088 



PCT/US99/18530 



COMPOSITE HYDROGEL DRUG DELIVERY SYSTEMS 



* ^ The Invention 

The present: invention relates to compositions 
and methods for providing controlled release of 
5 therapeutic species using hydrogeis. 

Background Of The Invention 

For a drug to be effective, a certain 
concentration level (called the therapeutic index) must 
be maintained for a certain period of time, at specific 

1C location [ s) . Systemicaily administered drugs 
accomplish the first two objectives, but in an 
inefficient fashion and with the potential for toxic 
side effects at high doses. Systemic administration of 
controlled release formulations accomplish these two 

15 objectives with a more efficient utilization of the 
drug and may reduce side effects. Local implantation 
of drug delivery systems may further improve the 
efficiency of drug utilization. 

Hydrogeis are materials that absorb solvents 

20 (such as water), undergo rapid swelling without 

discernible dissolution, and maintain three-dimensional 
networks capable of reversible deformation. Hydrogeis 
may be uncrossiinked or crosslinkec. Uncross linked 
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hycroge is are able to absorb water but do not dissolve 
due to the presence cf hydrophobic and hydrophilic 
regions. Covalentiy crosslinked networks of 
hydrophiiic polymers, including water soluble polymers, 
are traditionally denoted as hydrogeis in the hydrated 
state. A number of aqueous hydrogeis have been used in 
various biomedical applications, such as, for example, 
soft contact lenses, wound management, and drug 
delivery. 

Kycrogels can be formed from natural polymers 
such as gl yccsammoglycans and polysaccharides, 
prc-eir.s, etc., where the term "glycosammogiycan" 
encompasses complex polysaccharides that are not 
bioicgica-iy active (i.e., not compounds such as 
15 ligands or proteins) and have repeating units of either 
the same saccharide subunit or two different saccharide 
subunits. Some examples of glycosaminogiycans include 
derma tan sulfate, hyaluronic acid, the chondroitin 
sulfates, chitin, heparin, keratin sulfate, 
20 xeratosul fate, and aerivatives thereof. 

Glycosaminogiycans may be extractec from a 
natura^ source, purified and derivanized, cr 
synthetically produced cr synthesized by modified 
microorganisms such as bacteria. These materials may 
25 also be modified synthetically from a naturally soluble 
state to a partially soluble or water swellable or 
hydrogel state. This can be done, for example, by 
conjugation cr replacement of ionizable or hydrogen 
bondabie functional groups such as carboxyi and/or 
30 hydroxy! cr amine groups with other more hydrophobic 
groups . 

Hydrophilic polymeric materials suitable for 
use in forming hydrogeis include poly (hydroxyalkyl 
methacryiare) , poly (electrolyte complexes), 



WO 00/09088 



PCT/US99/18530 



- J 



poly i vinyiacetate! cross-linked with hydroiyzable 
bonds, water-sweiiable N-vinyi lactams polysaccharides, 
natural gum, agar, agarose, sodium alginate, 
carrageenan, fuccican, furcellaran, laminarar., hypnea, 
5 eucheuma, gum arable, gum chatti, gum karaya, gum 
tragacanth, locust beam gum, arabincgaiactan, pectin, 
amylopectm, gelatin, hydrophilic colloids such as 
carboxymethyl cellulose gum or alginate gum cross- 
linked with a polyci such as propylene glycol, and the 

1C like. Several formulations of previously known 

hydrcgels are descrioed in U.S. Parent Nos . 3, 640,741 
to Etes, 3,865,108 to Hartop, 3,992,562 to Denzinger et 
ai., 4,002,173 to Manning et al . , 4,014,335 to Arnold, 
4,207,893 to Michaels, and in Handbook of Common 

15 Polvmers , (Scott and Roff, Eds.) Chemical Rubber 
Company, Cleveland, Ohio. 

Synthesis and biomedical and pharmaceutical 
applications of absorbable or biodegradable hydrcgels 
based on covaientiy crosslinked networks, comprising 

20 colypeptice or polyester components as the 

enzymatically or hycrciytically labile components, 
respectively, have been described by a number of 
researchers. See, e.g., Jarrett, et ai./ 
"Bioabsorbabie Hyarogel Tissue Barrier: In Situ 

25 Gelation Kinetics", Trans. Sec. dicmater., Vol. XVIII, 
182, 1995 and Park, "Enzyme-digestible Swelling 
Hydrogels as Platforms for Long-term Oral Drug 
Delivery: Synthesis and Characterization", 
Bicmaterials, 9:435 (1988). 

30 The hydrogels most often cited in the 

literature are those made of water soluble polymers, 
such as polyvinyl pyrroiidone, which have been 
crosslink with naturally derived biodegradable 
components such as those based on albumin. Totally 
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synthetic hydrogels that have been studied for 
controlled drug release, and as membranes for the 
treatment of post-surgical adhesion, are based on 
covaient networks formed by the addition polymerization 
5 of acrylic-terminated, water soluble chains of 
polyether dipolyiactide block copolymers. 

Bioabsorbable hydrogels are well suited for 
local implantation, but relatively low molecular weight 
molecules are rapidly released from hydrogels due to 
10 the relatively open networks of previously known 

hydrogels. Relatively low molecular weight compounds, 
however, constitute a vast majority of therapeutic 
molecules and drugs. Controlled drug delivery from 
implantable and bioabsorbable devices has been the 
IS subject cf extensive exploration, but no suitable 
absorbable systems are known that are capable of 
delivering both water soluble and water insoluble 
relatively low molecular weight drugs. 

The development of compositions and methods 
20 to provide controlled release delivery of relatively 
low molecule weight drugs presents the following 
challenges: the delivery matrix needs to be safe and 
absorbable; drug release should be controlled and 
sustained, while being free from "burst effects"; and 
25 the devices should be simple to fabricate so as to 
prevent aenaturation of sensitive entrapped drugs. 

Previously known methods and compositions for 
providing sustained controlled release of therapeutic 
soecies, and applications suitable for use of such 
30 compositions and methods, are discussed hereinbelcw, 
and include: (a) microencapsulation and !b) targeted 
microspheres . 
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a . Microencapsulation 

Several previously known delivery systems 
employ biodegradable microspheres and/or microcapsules 
that include biodegradable polymers, such as poly d, 1- 
5 lactic acid (?LA) and copolymers of lactic acid and 
glycclic acid (?LGA) . These polymers are most widely 
used in sustained release devices, and may be obtained 
by polyccndensation of lactic acid or glycolic acid in 
the presence or absence cf a catalyst or other 

10 activator. Microcapsules prepared from such materials 
may be administered intramuscularly or by other 
parenteral routes . 

The water solubility of a number of 
biologically active molecular compounds, however, has 

15 proven zo be a limiting factor in optimizing molecular 
compound loading efficiency in biodegradable 
microspheres and/or microcapsules. Specifically, it 
has been observed that the loading efficiency of water 
soluble drugs into, for example, PLA or PLGA-polymenc 

20 microspheres, is relatively low when conventional 
cii/water systems are used in a solvent evaporation 
process. This has been attributed to the observation 
that such drugs readily diffuse into the aqueous outer 
phase of the emulsion system. 

25 Most of the microspheres described in the 

literature belong to the class of "matrix- type" drug 
delivery capsules, in which the "foreign" {i.e. drug) 
carticles are dispersed homogeneously in direct contact 
with the polymer. The process of manufacturing such 

30 capsules also frequently involves direct contact 
between the drug and a polymer solvent, such as 
acetcnitrile or methylene chloride. Such contact 
between the bioxcgically active molecule and the 
polymer, polymer solvent or enzymes in the biologica- 
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system may promote degradation cf the intended 
pharmaceutical . 

Specifically, the monomer and dimer residues 
in the polymer nay degrade the protein, and direct 
5 contact between the polymer and proteins and enzymes may 
result in polymeric degradation over time. Previously 
known techniques to encapsulate peptides in 
biodegradable polymers typically utilize a solvent- 
nonsolvenc system. Such systems often produce high 

iC solvent residuals, poor content uniformity of the 

peptide in the microspheres, and instability due to the 
contact of the biological agent with the polymer, 
organic solvent (e.g. methylene chloride, 
acetonitnie) , and some cases, a surfactant. 

15 To address the use of organic solvents that 

may have a potentially detrimental effect on entrapped 
substances, and which complicate processing, several 
alternate methods have been proposed. U.S. Patent No. 
5,559,194 to Tsuei et al. describes preparation of 

20 microcapsules by dispersing or dissolving ar. active 
component in a solid matrix-forming material that has 
been thermally softened to form an encapsulation 
composition. The encapsulation composition is injected 
as an intact stream into a quenching liquid to provide 

25 solid microcapsules . 

U.S. Patent No. 3,242,237 to Beiak et al. 
describes a process for forming discrete slow release 
fertilizer particles, wherein solid fertilizer is 
dispersed in melted wax and dropped into water in the 

30 form cf droplets. The droplets solidify in particle 
form upon contact with the water, and are separated 

from the water. 

European Patent application 0 443 743 to 
Kubota discloses a method tc encapsulate particulate 
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Vitamin C in fine lipid powders by ringing a 
particulate core containing Vitamin C into colliding 
contact with particles of a coating material composed 
on one or more fine powdery lipids. The lipids form a 
5 coating or agglomerated particles that surround the 
particulate core. 

U.S. Patent No. 3,161,602 to Herbig ciscloses 
a process for making capsules utilizing a three-phase 
systeir.: a wax-like wall material, a nucleus material, 

10 and a substantially inert oily vehicle. The waxy 

material is melted to a liquid and agitated to coat the 
nucleus material, forming liquid-walled capsule 
precursor droplets. The solution is cooled with 
continued agitation, solidifying the waxy walls and 

15 forming self-sustaining capsules. 

The process described in the foregoing Herbig 
patent has a murder of drawbacks, however, including an 
undesirably long time span from the formation of liquid 
droplets to the completely solid capsules (which may 

20 cause loss of the active component either via diffusion 
or exclusion mechanisms into the hot inert oily 
vehicle); it requires high mechanical agitation; nay 
procuce capsules having an uneven distribution of 
active ingredient; and may produce capsules having a 

25 very broad size distribution. 

U.S. Patent Nos . 4,597,970 and 4,823,857, 
both to Sharma et al., describe a method to encapsulate 
aspartame in hydrogenated palm oil using a spray drying 
process. That process has disadvantages shared with 

30 other air spray processes, however, in that it is 

difficult to provide a uniform, continuous layer on the 
outermost surface of the droplets during the congealing 
step . 
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U.S. Paten. N T o . 3,423,489, to Arens et al- 
and U.S. Patent No. 3,"?~9,942 to Boiles describe 
methods of forming capsules by forming concentric 
biliquid columns having an inner core of liquid to be 
5 encapsulated and an outer tube of hardenabie liquid 
encapsulating material. A special multiple orifice 
liquid discharging system is used to eject the column 
along a trajectory path through, e.g., a gaseous phase, 
for a time sufficient to allow the column to constrict 

10 into individual aropiets, so that the encapsulating 
material encloses the encapsulated liquid. 

Torchilin et ai, "Liposome-Poiymer Systems. 
Introduction of Liposomes into a Polymer Gel and 
Preparation of the Polymer Gel inside a Liposome", in 

15 Poller. Sci. U.S.S.R., 30:2307-2312 ;1963), describes 
studies on the entrapment of liposomal particles in 
non-abscroabie hydrogels. Liposomes may be difficult 
to prepare anc stabilize. Also, the non-absorbable 
nature of polyacrylamide hydrogels precludes 

20 implantation without subsequent retrieval. As reported 
by Eailey et ai . , "Synthesis of Polymerized Vesicles 
with Kydrciyzabie Linkages", Macromolecules, 25:3-11 
(1992), while synthesis of poiymenzable liposome 
vesicles also has been attempted, the complicated 

25 synthesis scheme makes entrapment of drug molecules 
difficult m this process. 

U.S. Patent No. 3,618,563 to Berde et al. 
describes use of a polymeric matrix, including 
microspheres, to release analgesic agents locally at 

30 the site of implantation. The polymer matrix used m 
that patent is not a hydrogel, and hydrophobic polymers 
are used for entrapment of the drugs. Such polymer 
matrices, however, may be inflammatory. 
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U.S. Parent No. 4,530,840 to Tice et al. 
describes a method for forming microcapsules to deliver 
an anti-inflammatory agent. The microcapsules are 
prepared by dissolving the anti-inflammatory agent and 
5 a biodegradable wail-forming material in a solvent, and 
then dispersing the resulting solution in a continuous 
phase processing medium. The processing medium 
evaporates a portion of the solvent from the 
dispersion, thereby forming microparticles containing 

10 the anti-inflammatory agent. The organic solvents 
described in this method may damage some sensitive 
therapeutic entities, and residual solvents used in the 
process may be difficult to remove and present a 
toxicity concern . 

15 U.S. Patent No. 5,65C,1~3 to Ramstack et al. 

reviews the state of the art of formation of 
microparticles suitable for encapsulating drugs and for 
providing controlled drug delivery. One method for 
preparing biodegradable microparticles is described 

20 that uses solvents to dissolve both the wall-forming 
agent and the drug. An extraction medium is used to 
remove the solvents and stabilize the resulting 
emulsion to form the microparticles. As with the 
methods cescribed in the Tice patent, the use of 

25 organic solvents m large amounts may raise removal and 

toxicity issues. 

In view of the foregoing, it would be 
desirable to provide compositions and methods for 
implementing a locally implantable and absorbable drug 
30 delivery system that is capable of delivering 
relatively low molecular weight compounds in a 
sustainec fashion within hydrogel-basec matrices that 
are easy to process and fabricate. 
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b . Taraetabie Microspheres 
Numerous cisease states in the body are 
manifested as local conditions and thus may be 
addressed by local therapies. In addition, local pain 
5 (such as from an incision) or solid tumors may be 
treated locally. Targeting of local therapy may be 
assisted by a host of non-invasive and invasive 
detection techniques such as magnetic resonance 
imagine, ultrasound, x-rays, angiography, etc. 

10 Despite the availability of such diagnostic 

tools, however, the pinpointing of the location of a 
cisease may at times be mere difficult. This may be so 
either due to the diffuse nature of the disease or due 
to subtle alterations at the cellular cr microscopic 

15 level that escape detection by conventional means, for 
example metastatic tumors or autoimmune disorders. 
Potent drugs with known efficacy exist for several such 
diseases, but too many of these drugs have undesirable 
toxicity profiles at therapeutic levels. 

20 Efficient utilization of a drug by targeted 

delivery may enable reduction of concomitant toxicity. 
For example, microspheres for intravenous injectable 
drug delivery typically should be of a size so as to 
not to be rapidly cleared from the blood stream by the 

25 macrophages of the reticuloendothelial system. U.S. 

Patent No. 5,565,215 to Gref et al . describes formation 
of injectable nanopart icles or microparticles that have 
variable release rates or that target specific cells or 
organs . 

30 Liposomal drug delivery systems have been 

expensively considered for the intravenous 
administration of biologically active materials, 
because they were expected to freely circulate in the 
blood. It has been observed, however, that liposomes 



WO 00/09088 



PCT/US99/18530 



are quickly cleared from the blocd by uptake through 
the reticuloendothelial system. Coating of liposomes 
with poly ethylene glycol) has been observed to 
increase substantially the half life of such active 
5 materials. The flexible and relatively hydrophilic PEG 
chains, however, induce a steric effect at the surface 
cf the liposome that reduces protein adsorption and 
thus RES uptake. See, e.g., Lasic et ai . , "Stericaliy 
Stabilizec Liposomes: a Hypothesis cn the Molecular 
10 Origin of the Extended Circulation Times", Biochimica 
ez Sicphysica Acta, 1070:187-192 U991); and Klibanov 
et al., "Activity of Amphipathic Poly (ethylene glycol) 
5000 to Prolong the Circulation Time of Liposomes 
Depends on the Liposome Size and Is Unfavorable for 
15 Immunol ipososome Binding to Target", Biochimica et 
Bicphysica Acta, 1062:142-148 (1991). 

The field of immunology has enriched our 
understanding of ceil surface receptors and signaling 
molecules. For example, most cell populations exhibit 
20 a unique set of receptors that makes it possible to 

create "monoclonal antibodies" that are cell population 
and target specific. Knowledge of this specificity nas 
enabled the development of therapies such as those 
adopted by fusion toxins, that bind cytotoxic molecules 
25 (such as ricinS to monoclonal antibodies against 

specific receptors, cf a certain cell population (such 
as tumor ceils). Such therapies generally have not 
been widely successful, however, for reasons that are 
not well understood. For example, there may be 
30 inadequate selectivity in targeting due to the brief 
exposure time afforded by intravascular administration 
of these soluble molecules prior to rapid clearance. 

Approaches toward enhancing circulation time 
usina imnunciipcsomes have been more successful in 
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Approaches toward enhancing circulation time 
using immunclipcsomes have been more successful in 
assimilation in the target organs of interest. Since 
iiocsomes are only a few nanometers in size, however, 
these materials have a much higher circulation 
velocity. See, e.g., Ley et ai., "Endothelial, Not 
Hemodynamic, Differences Are Responsible for 
Preferential Leukocyte Rolling in Rat Mesenteric 
Venules", Circ. Res., 69:1034-1041 (1991) . This rapid 
circulation may interfere with the building cf strong 
interactions with the target tissues by providing only 
limited exposure to the liposomes. 

The adhesion of leukocytes in general, and 
monocytes in particular, to vascular endothelium is a 
15 crucial first step to the recruitment of cells from the 
blood to the site of tissue damage. Leukocytes do not 
simply circulate within blood vessels but rather 
experience a "rolling" type of motion along the vessel 
wall that allows them to interact with the endothelial 
20 cell lining. This rolling motion is believed to be 
caused by weak interactions mediated by carbohydrate 
molecules (called selectins) present on the cell 
surface . 

Upon receiving an appropriate activation 
2 5 signal, the endothelial ceils slow down (mediated by L 
and possibly P selectins), and subsequently form more 
firm attachments (usually mediated by protein-based 
receptors such as integrins), as reported in Raud et 
al., "Leukocyte Roiling and Firm Adhesion in the 
30 Microcirculation", Gastroenterology, 104:310-323 

(1993) . This in turn causes a iccai accumulation cr 
leukocytes and allows their participation in 
physiological processes such as inflammation and 
repair. Often this behavior is associated with 
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vascular injuries associated with inf iammatory 
ccncicions . For example, after cardiac bypass 
procedures, endothelial cells that: become anoxic may 
change their selectin expression pattern and cause 
5 neutrophils to attack, thereby causing potentially 
life-threatening "reperf usion injury," as reported in 
Edgmton, "New Horizons for Stem-Ceil Bicreactors" , 
3ic/Tecnr.ology, 10:1C99-U06 (1992) . 

Much of septic shock is nediated by similar 

10 mechanisms. The progression of several diseases, such 
as arthritis ana cancer, may be altered by stepping 
leukocyte adherence, which is the first step to 
extravasation (movement into the tissue spaces) . Much 
may be learned from how the body targets specific 

15 disease sites through receptor mediated guidance. 

Accordingly, it would be desirable to provide 
compositions and methods that enhance the targetability 
of microencapsulated drug carriers, which may be 
readily prepared and administered, but are still highly 

20 specific m finding the target tissue and efficient in 
the delivery of the drug. Such "smart microspheres" 
may be able to achieve improved targeting by having 
lower circulation velocity, slower clearance from 
circulation, and by possessing selective adhesivity to 

25 selected cellular targets. 

Summary Cf The Invention 

In view of the foregoing, it is an object of 
the present invention to provide locally implantable 
and absorbable drug delivery compositions and methods 
30 that are capable of delivering relatively low molecular 
weight compounds . 

It is also an object of the present invention 
to crovide locally implantable and absorbable drug 
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delivery compositions and methods capable of delivering 
relatively lew molecular weight compounds in a 
sustained fashion using hydrogei-based matrices that 
are easy to process and fabricate. 
5 It is another object of this invention to 

provide absorbable drug delivery compositions and 
methods that enhance the targetabiiity of 
microencapsulated drug carriers/ and which may be 
readily prepared and administered. 

10 It is a further object of this invention to 

provide absorbable drug delivery compositions and 
methods that have lower circulation velocities, slower 
clearance from circulation, and that possess selective 
adhesivity to selected cellular targets. 

15 it is yet another object of the present 

invention to provide drug-laden microspheres that 
orovide improved conjugation with specific bioactive 
receptors . 

These and other objects of the invention are 
20 accomplished by providing compositions and methods to 
control the release of relatively lew molecular weight 
therapeutic species using hydrogels. In accordance 
with the principles of the present invention, a 
therapeutic species first is dispersed or dissolved 
25 within one or more relatively hydrophobic rate 

modifying agents to form a mixture. The mixture may be 
formed into microparticles , which are then entrapped 
within a bicabsorbabie nydrogel matrix so as to release 
the water soluble therapeutic agents in a controlled 
30 fashion. Alternatively, the microparticles may be 

formed in situ curing polymerization of the hydrogel . 

In one method of the present invention, 
nydrogel microspheres are formed from polymenzabie 
macromers or monomers by dispersion of a polymenzabie 
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phase in a second immiscible phase, wherein the 
polymerizabie phase contains at least one component 
required to initiate polymerization that leads to 
crosslinking and the immiscible bulk phase contains 
5 another component required to initiate crosslinking, 
along with a phase transfer agent. Pre- formed 
micropart ioies containing the water soluble therapeutic 
agent may be dispersed in the polymerizabie phase, or 
formed in situ, to form an emulsion. Polymerization 

10 and crosslinking of the emulsion and the immiscible 
phase is initiated in a controlled fashion after 
dispersal of the polymerizabie phase into appropriately 
sized microspheres, thus entrapping the micropar tides 
in the hydrogel microspheres. 

15 in another aspect of the present invention, 

the hydrogel microspheres are formed having a size that 
will provide selective deposition of the microspheres, 
or may linked with ligands that target specific regions 
or otherwise affect deposition of the microspheres 

20 within a patient's body. 

Snef Description Of The Drawings 

Further features of the invention, its nature 
and various advantages will be more apparent from the 
accompanying drawings and the following detailed 

25 description of the preferred embodiments, in which: 
FIG. 1 illustrates a composite hydrogel 
microsphere formed in accordance with the principles or 
the present invention containing dispersed drug- 
containing micrcdomains; 

30 FIG. 2 illustrates steps in forming the 

hydrogel microspheres of the present invention using an 
emulsion polymerization method; and 
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FIG. 3 illustrates steps of activating a 
hydrogel microsphere to enable the binding of cell- 
signaling carbohydrate and protein molecules to form 
targeted microspheres in accordance with the principles 
5 of the present invention. 

Detail ec Description Of The Invention 

This written description outlines the 
compositions and methods of the present invention to 
from drug delivery systems, describes absorbable 

10 polymers and therapeutic agents suitable for use 
therewith, and methods of forming the composite 
hydrogel drug delivery systems of the present 
invention. A variety cf agents suitable for 
controlling the rate of release of therapeutic agents 

15 from the hydrogel matrix is described, together with 

factors and methods for influencing the rate of release 
of therapeutic agents from the hydrcgels. Methods of 
targeting the hydrogel microspheres for specific 
applications are set forth. Several examples cf 

20 hydrogel-based drug delivery systems prepared in 

accordance with the present invention are provided. 

In overview, the present invention is 
directed to compositions and methods for forming 
composite hydrogel-based matrices and microspheres 

25 having entrapped therapeutic compounds. Preferably, a 
bioactive agent is entrapped in micropar tides having a 
hydrophobic nature (herein called "hydrophobic 
microdcmair-s") , to retard leakage of the entrapped 
agent. More preferably, the composite materials that 

30 have two phase dispersions, where both phases are 
absorbable, but are not miscible. For example, the 
continuous phase may be a hydrophiiic network (such as 
a hydrogel, which may or may not be crosslinked) while 
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the dispersed phase may be hydrophobic (such as an oil, 
fat, fatr.y acid, wax, fluorocarbon, or other synthetic 
or natural water immiscible phase, genericaliy referred 
to herein as an "oil" or "hydrophobic" phase) . 
5 The cil phase en-raps the drug and provides a 

barrier to release by slow partitioning of the drug 
into the hydrogei. The hydrogei phase in turn protects 
the oil from digestion by enzymes, such as lipases, and 
from dissolution by naturally occurring lipids and 

10 surfactants. The latter are expected to have only 

limited penetration into the hydrogei, for example, due 
to hydrcphobicity, molecular weight, conformation, 
diffusion resistance, etc. In the case of a 
hydrophobic drug which has limited solubility in the 

15 hydrogei matrix, the particulate form of the drug may 
also serve as the release rate modifying agent. For 
water soluble drugs, or drugs that are likely to be 
denatured by contact with aqueous phases, however, the 
release rate modifying agent may be selectee from a 

20 variety of alternatives, described hereinbeiow. 

Routes of administration of hydrogei-based 
drug delivery systems prepared in accordance with tne 
present invention include, but are not limited to: 
inoculation or injection (e.g., intra-peritoneal, 

25 mtra-muscular, subcutaneous, mtra-aural, intra- 
articular, intra-mairjnary, etc.), topical application 
(e.g., on areas, such as eyes, ears, skin or on 
afflictions such as wounds, burns, etc.), and by 
absorption through epithelial or mucocutaneous linings 

30 (e.g., vaginal and other epithelial linings, 

gastrointestinal mucosa, etc.). The compositions 
formulated using hydrogei matrices may include 
previously Known pharmaceutical carriers cr excipients, 
adjuvants, etc. 
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The hydrogel matrices in accordance with the 
present invention may be formed into capsules, tablets, 
films, microspheres and the like. Matrices in the form 
of discs, slabs or cylinders may be used as implants, 
5 while microspheres may be applied as subcutaneous, 
intramuscular, intravenous or intra-arter ial 
injectabies. The term "microsphere" means a piece of 
hydrogel -hat is of a size ranging from a few 
millimeters to a few nanometers in size. It may be 

10 spherical, hollow spherical, or irregularly shaped. 

The hydrogel matrix preferably includes a 
bioiocicaiiy-active agent, either singly or m 
combination, such that the implant precursor and 
implant provide a delivery system for the agent 

15 adlacent to cr distant from tissues and organs in the 
animal. Biologically-active agents, which may be used 
alone or in combination in the implant precursor and 
implant, include, for example, a medicament, drug, cr 
other suitable biologically-, physiologically-, or 

20 pharmaceuticaiiy-active substance that is capable of 
providing local or systemic biological, physiological 
cr therapeutic effect in the body of an animal, 
including a mammal, and of being released from the 
solid imp. ant matrix into adjacent or surrounding 

25 tissue fluids. 

The biologically-active agent may be soluble 
in the polymer solution to form a homogeneous mixture, 
or insoluble in the polymer solution to form a 
suspension or dispersion. Upon implantation, the 

30 biologically-active agent preferably becomes 

incorporated into the implant matrix. As the matrix 
degrades over time, the biologically-active agent is 
released from the matrix into the adjacent tissue 
fluids, preferably at a controlled rate. The release 
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cf che biologically-active agent from the matrix may be 
varied, for example, by the solubility of the 
biolcgically-active agent in an aqueous medium, the 
distribution of the agent withir. the matrix, the size, 
5 shape, porosity, solubility and biodegradabiiity of tne 
implant matrix, and the like. 

The bioicgically-active agent may stimulate 
biological or physiological activity within the animal. 
For example, the agent may act to enhance cell growth 
1C and tissue regeneration, function in birth control, 
cause nerve stimulation cr bone growth, and the like. 
Examples of useful biologically-active agents include a 
substance, or metabolic precursor thereof, that is 
capable of promoting growth and survival of cells and 
15 tissues, or augmenting the functioning of ceils, as for 
example, a nerve growth promoting substance such as a 
ganglioside, a nerve growth factor and the like; a hard 
or soft tissue growth promoting agent such as 
fibronectir. (FN), human growth hormone (HGH) , protein 
20 growth factor mterleukin-1 (IL-1} and the like; a bone 
growth promoting substance such as hydroxyapatite, 
-ncaicium phosphate and the like; and a substance 
useful in preventing infection at the implant site, for 
example, an antiviral agent such as vidarabine cr 
25 acyclovir, an antibacterial agent such as a penicillin 
cr tetracycline, or an antiparasitic agent such as 
cuinacrine or chloroquine. 

While substantial utility of this invention 
lies in the encapsulation and controlled release of 
30 substantially water soluble drugs, other therapeutic 
entities having very limited water solubility may be 
readily incorporated and delivered using the drug 
delivery matrices of this invention. 
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Suitable Absorbable Hydroaels 
The hydrophilic phase of the drug delivery 
system of the present invention (i.e., the matrix or 
continuous phase that is permeable to moisture) may 
5 consist of any of the biodegradable hydrogei-type 
materials described hereinabove. For illustration 
purposes, an aqueous solution of a water soluble and 
polymerizabie macrcmer that may be polymerized to form 
a bioabsorbable hydrccel is describee in the Examples 
10 set forth hereinbelow. The synthesis, 

characterization, and the formation of such hydrogels 
is described, e.g., in Sawhney et ai., "Bioerodibie 
Hydrogels Based on Phctopolymerized 

Poly (ethyleneglycol) -co-poly (a-hydroxy acid) Diacrylate 
15 Macromers", Macromolecules, 26:531-587 (19931. 

Therapeutic Molecules 

Several previously known and recently 
discovered therapeutic entities have relatively low 
molecular weights (defined as a molecular weight less 
20 than 10C,0CC daltons) and are relatively water soluble 
(having a solubility of mere than 0.001 mg/mL) . 
Hydrogel matrices typically are swollen with water, 
thus any dissolved or dispersed therapeutic entity also 
has free access to the aqueous surroundings. The 
25 dispersal of such entities within a hydrogel matrix is 
known to produce a rapid release of the therapeutic 
entity, e.g., release is substantially complete within 

a few days at the most. 

It is often desirable, however, to extend the 
30 release of such therapeutic agents to several days, 

weeks, or even months. Also, it is desirable to have a 
release rate that is controlled and gradual over this 
time period, with zero order kinetics or time 
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independent release being most preferred and desirable. 

Therapeucic entities having molecular weights 
less than ICO, 000 da lions, more preferably less than 
20,000 daltons, and most preferably less than 2,000 
5 daltons, and that have a water solubility of more than 
0.001 mg/ir.L, more preferably more than 0.01 mg/mL, and 
most preferably more than 0.1 mg/mL, advantageously may 
be used in drug delivery systems of the present 
invention. These therapeutic agents include, for 

10 example, pnysioiogicaliy active materials or medicinal 
drugs (such as agents affecting the central nervous 
system, antiallergic agents, cardiovascular agents, 
agents affecting respiratory organs, agents affecting 
digestive organs, hormone preparations, agents 

15 affecting metabolism, antitumor agents, antibiotic 

-•reparations, chemotherapeutics, antimicrobials, local 
anesthetics, antihistamines, ant iphlogi sties, 
astringents, vitamins, antifungal agents, peripheral 
nervous anesthetics, vasodilators, crude drug essences, 

20 tinctures, crude drug powders, hypotensive agents, or 
immunosuppressants) . 

Several oligopeptide crugs, including 
cytokines and growth factors, also may be used as 
therapeutic agents. The terms "cytokine 1 ' and "growth 

25 factor" are used to describe biologically active 

molecules and peptides (which may be either naturally 
occurring or synthetic; that aid in healing or regrewth 
of normal tissue. The function of cytokines is two- 
fold: (1! to incite local cells tc procuce new collagen 

30 or tissue, and (2) to attract cells to the site in need 
of correction. As such, cytokines and growth factors 
serve to encourage "biological anchoring" of an implant 
within host tissue. 
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The cytokines either may be admixed with a 
conjugate or chemically coupled to a conjugate. For 
example, cytokines suitable for use in the drug 
delivery systems of the present invention include 
5 interferons {IFNs}, tumor necrosis factors (TNFs), 

mterleukms , colony stimulating factors !CSFs), growth 
factors such as osteogenic factor extract (OFS) , 
epidermal growth factor (EGF) , transforming growth 
factor (TGF! alpha, TGF-3 (including any combination of 

10 TGF-3s!, TGF-61, TGF-32, platelet derived growth factor 
{ PDGF-AA, PDGF-AB, PDGF-3B) , acidic fibroblast growth 
factor !FGF), basic FGF, connective tissue activating 
peptides iCTAFi , 3" thrombogicbuiin, insulin-like growth 
factors, erythropoietin (EPC) , nerve growth factor 

15 (NGF) , bone morphcgenic protein (BMP) , osteogenic 
factors, and the like. 

The drug delivery systems of the present 
invention may be designed to release appropriate 
encapsulated or unencapsulated growth factors, 

20 including epidermal growth factors, human platelet 
derived TGF -ft, endothelial cell growth factors, 
thymocytic-act ivating factors, platelet derived growth 
factors, fibroblast growth factor, fibronectin or 
laminin . 

25 Suitable biologically-active agents for use 

in the invention also include anti-inflammatory agents 
such as hydrocortisone, prednisone and the like; 
antibacterial agents such as penicillin, 
cephalosporins, bacitracin and the like; antiparasitic 

30 agents such as cuinacrine, chloroquine and the like; 
antifungal agents such as nystatin, gentamicin and the 
like; antiviral agents such as acyclovir, ribavirin, 
interferons and the like; antineoplastic agents such as 
methotrexate, 5-f iuorouracil , adriamycin, tumor- 
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specific antibodies conjugated tc toxins, tumor 
necrosis factor and the like; analgesic agents such as 
salicylic acid, acetaminophen, ibuprofen, flurbiprofen, 
morphine and the like; local anesthetics such as 
5 lidocaine, bupivacame, benzocaine and the like; 
vaccines such as hepatitis, influenza, measies, 
rubella, tetanus, polio, rabies and the like; central 
nervous system agents such as a tranquilizer, (J- 
adrer.ergic blocking agent, dopamine and the like; human 

10 growth hormone, insulin-like growth factor and the 
like; hormones such as progesterone, follicle 
stimulating hormone, insulin, somatotropins and the 
like; antihistamines such as diphenhydramine, 
chlorphencramine and the like; cardiovascular agents 

15 such as digitalis, nitroglycerine, papaverine, 

streptokinase and the like; vasodilators such as 
theophylline, niacin, minoxidil and the like; and other 
like substances. 

The drug delivery systems of the present 

20 invention may also be used tc provide controlled 
antibiotic delivery, including such antibiotics as 
aminoglycosides, macrolides such as erythromycin, 
penicillins, cephalosporins and the like; 
anesthetic/analgesic delivery pre- or post-surgery or 

25 tc treat pain using such agents as amide-type local 
anesthetics like lidocaine, mepivacaine, pyrrocaine, 
bupivacame, prilocaine, etidccaine and the like; and 
local controlled delivery of non-steroidal anti- 
inflammatory drugs such as ketorolac, naproxen, 

30 diclofenac sodium and flurbiprofen. It is recognized 
that in certain forms of therapy, combinations of 
agents/drugs in the same delivery system (i.e., polymer 
of the invention) may be useful to obtain an optimal 
effect. Thus, for example, an antibacterial and an 
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anti-inflammatory agent may be combined in a single 
polymer to provide combined effectiveness. 

It is intended that the water soluble drugs 
discussed hereinabove be illustrative, not limiting. 
5 Examples of other water soluble agents include peptides 
having biolcgicai activities, antipyretics, analgesics, 
anti-inflammatory agents, antitussive expectorants, 
sedatives, muscle relaxants, ant lepileptic agents, 
antiulcer agents, antidepressants, antiallergic agents, 

10 cardiotonics, antiarrhythmic agents, antidiabetic 

agents , anticoagulants, hemostatics , ant i tuberculous 
agents, narcotic antagonists, bone resorption 
inhibitors and angiogenesis inhibitors. 

Particular water soluble polypeptides which 

15 may be used in this invention include, for example, 
oxytocin, vasopressin, adrenocorticotrophic hormone 
i ACTK) , transforming growth factor antagonists, 
prolactin, iuliberin or luteinizing hormone releasing 
hormone (LH-RH), LH-RK agonists or antagonists, growth 

20 hormone, growth hormone releasing factor, insulin, 
somatostatin, bombesin antagonists, glucagon, 
interferon, gastrin, tetragastrin, pentagastrm, 
urogastrcne, secretin, calcitonin, enkephalins, 
endomorphins, angiotensins, renin, bradykinin, 

25 bacitracins, polymyzms, colistins, tyrocidin, 

gramicicines, monoclonal antibodies, soluble vaccines, 
and synthetic analogues, modifications and 
pharmaceutically-active fragments thereof. 

Examples of antitumor agents that may be 

30 suitable for delivery using the delivery systems of the 
present invention include bleomycin hydrochloride, 
methotrexate, actinomycin D, mitomycin C, vinblastine 
sulfate, vincristine sulfate, daunorubicin 
hydrochloride, adriamycin, neocarzinos tat in, cytosine 
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arabinos i de, fiuorc uracil , tetrahydrof uryl-5- 
fluorouracii Screstin, picibanii, ientinan, ievamisoie, 
bestatin, azimexon, glycyrrhizin, poly I:C, poly A:U, 
poly ICLC , Cisplatin and the like. 
5 A variety of radiotherapeutic compounds such 

as gamma cr beta radiation emitting species also may be 
included within the drug delivery systems of the 
current invention. The presence of therapeutic 
radiation may be used to control the proliferation of 

10 undesirable cells, such as occur during cancer or 

during hyperplasia. Hyperplastic response from injured 
organs such as arteries are widely believed to be 
responsible for restenosis following angioplasty. 
Isotopes of iodine, phosphorus, palladium etc. 

15 therefore may be suitable for this purpose. 

Other previously known beneficial drugs are 
described in Pharmaceutical Sciences , by Remington, 
14th Ed., 1979, published by Mack Publishing Co.; The 
Drug, The Nurse, The Patient, Including Curre nt Drug 

20 Handbook , by Falconer et al., 1976, published by 

Saunder Company; and Medicinal Chemistry , 3rd Ed., Vol. 
1 and 2, oy Burger, published by Wiiey-Interscience Co. 

Formation of Hydrophobic Domains 
Hydrophobic microdomains, by themselves, may 

25 be degraded or quickly cleared when administered m 

vivo, making it difficult to achieve prolonged release 
directly using micrcdroplets or microparticles 
containing the entrapped agent in vivo. In accordance 
with the present invention, however, the hydrophobic 

30 microdomains are sequestered in a gel matrix. The gel 
matrix protects the hydrophobic microdomains from rapid 
clearance, but does not impair the ability of the 
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microdroplets or microparticles to release their 
contents slowly. 

Referring co FIG. 1, an illustrative 
multiphase hydrogel microsphere, or portion of a 
5 hydrogel matrix, constructed in accordance with the 
present invention is described. Microsphere 10 
comprises a continuous hydrogel matrix in the form of a 
sphere, droplet, other irregular particulate shape, or 
portion cf a gel matrix, containing microparticles 11 

10 and/or microdroplets 12 dispersed throughout its 

volume. Microparticles 11 may be preformed, and mixed 
with a poiymerizabie phase prior to polymerization to 
form the hydrogel microsphere. Microdroplets 12, on 
the other hand, may be formed in situ by entrapment of 

15 a therapeutic agent-laden hydrophobic phase during 
emulsion polymerization of microsphere 10. 
Microspheres 10 may be dried to enhance shelf 
stability . 

Microdroplets 12 also may comprise molecular 
20 compounds that are net water soluble, compounds with 
limited water solubility, cr compounds with limited 
water solubility in solution in another phase that is 
immiscible with the hydrogel phase. Molecular 
compounds that are not stable in an aqueous solution 
25 also may be contained within a phase having very 
limited water permeation and partitioning. 

In one embodiment, a microemulsion of a 
hydrophobic phase and an aqueous solution of a water 
soluble molecular compound, such as a protein, peptide 
30 or other water soluble chemical is prepared. The 

emulsion is of the "water-m-cii" type (with oil as the 
continuous phase) as opposed to an "oii-in-water" 
system (where water is the continuous phase) . As used 
herein, the term "continuous phase" refers to the 
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external hydrogel phase, as compared to the "dispersed 
phase", which is the internal phase. 

The water or dispersed phase comprises a 
dispersion of a water soluble drug in a 
5 microparticaiate fashion. The "external" oil phase of 
the microsphere includes a release rate modifying 
agent, which typically is incompatible with the 
solvent, e.g., water or an aqueous buffer, of the 
hydrogel- forming preparation. Because the molecular 
10 compound is effectively "trapped" within multiple tiny 
oil droplet reservoirs formed throughout the hydrogel 
matrix, the incorporated molecular compound does not 
partition readily mto the outer hydrophilic gei or 
solution phase during formulation. 
15 The hydrophobic oil phase may be formed by 

one of several methods, including spray- forming and 
oil-based hot melt microencapsulation. In the spray- 
fcrming method, a low melting temperature release rate 
modifying agent is used and a known amount of the 
20 active drug is suspended (for insoluble drugs) or co- 
dissolved (for soluble drugs) by a melt mixing step. 
The solution or dispersion is then sprayed into a 
cooled stream of air, a bath of cold water, or a 
hydrogel precursor solution. Microparticles ranging m 
25 size between 1-10 microns are obtained, having a 

morphology that depends on the type of release rate 
modifying agent used and its melt viscosity. 

In an oil-based hot melt microencapsulation 
method, the release rate modifying agent is first 
melted and then mixed with solid particles of drug that 
have been sieved to less than 50 microns. The mixture 
1S suspendec in a non-miscibie solvent (like silicon 
oil), and, with continuous stirring, heated to 5 °C 
above the melting point of the release rate modifying 
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agent:. Or.ce the emulsion is stabilized, it is cooled 
until the particles solidify. The resulting 
micrcparticies are washed by decantation with petroleum 
ether to give a free-f lowing powder. Micrcparticies 
5 with sizes between 1 to 10C0 microns can thus be 
obtained . 

Alternatively, the oil phase microdrcplets 
also may be formed in situ by heating the polymerizable 
solution. Once the desired drug-containing hydrophobic 

10 domains are obtained, they may be dispersed in a 

continuous pclymerizable aqueous solution phase to form 
an emulsion. The emulsion is then polymerized to 
entrap and stabilize the hydrophobic microdomains . Oil 
soluble drugs may be dissolved in the hydrophobic phase 

15 while water soluble drugs may be micronized into this 
phase to form a fine dispersion. FIG. 1 illustrates a 
composite hydrogei prepared using the foregoing method. 

Proteins and growth factors, which may be 
denatured by contact with water from the hydrogei 

20 environment, first may be lyophilized after 

micronization and then suspended within an oil phase to 
form a dispersion. The dispersion then may be 
emulsified within a macromer solution to form an oil- 
in-water emulsion that can then be crosslinked to form 

25 hydrogei shaped objects or microspheres. The protein, 
polypeptide or growth factor is expected to remain 
relatively stable within the oil microenvironment and 
only slowly diffuse out to the hydrogei environment, 
from where it is released. 

30 The presence of the oil droplets therefore 

create a m.icroenvi ronment for the protein or 
polypeptide that not oniy stabilizes the molecules but 
also controls their release rate. Any of a variety of 
pharmacologically acceptable oils may be used for this 
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purpose, including but not limited to peanut oil, 
castor oil, coconut cil, corn oil etc. 

Any cf a variety cf agents that have a 
limited solubility in both the bulk and the dispersed 
5 phase may be used as phase transfer agents and are well 
known in the art of emulsion polymerization, including 
surfactants such as the TWEEN® and SPAN® series cf 
surfactants -TWEEN® and SPAN® are registered trademark 
of ICI Americas, Inc., Wilmington, DE) and the 
10 PLURCNIC© series cf ?oi yoxyaikylene ethers (PLURCNIC® 
is a registeres trademark of BASF Corporation, Mount 
Olive, NJi, etc. Organic solvents having solubility in 
both organic and aqueous phases also may be used and 

are preferred. 

15 Because formation of the microspheres in 

accordance with the principles of this invention 
typically involves an aqueous solution or dispersion, 
water-miscibie organic materials may be used as the 
phase transfer agents, including but not limited to 

2C solvents such as dialkyl sulfoxides, such as dimethyl 
sulfoxide (DHSCi; dialkyl formamides, such as dimethyl 
formamice ( DM F i ; C >; alcohols, such as methanol and 
ethanoi; ketones such as acetone and methyl ethyl 
ketone; and ethers such as tetrahydrof uran (THF) , 

25 dibutyl ether and diethyl ether. 

Suitable water soluble preservatives which 
may be employed in the drug delivery systems of the 
present invention include sodium bisulfite, sodium 
thiosulfate, asccrbate, benzalkonium chloride, 

3C chicrobutanoi, thimerosal, phenylmercuric borate, 
parabens, benzylaicohoi and phenylethanol . These 
agents may be present in amounts of from 0.001 to 5% by 
weight and preferably 0.01 to 2%. 
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Suitable water soluble buffering agents are 
alkali or alkali earth carbonates, phosphates, 
bicarbcnates, citrates, borates, acetates, succinates 
and the like, such as sodium phosphate, citrate, 
5 borate, acetate, bicarbonate and carbonate. These 

agents may be present in amounts sufficient to maintain 
a pH of the system of between 2 to 9 and preferably 4 
to 8. The buffering agent therefore may be as much as 
5% by weight of the total composition. 

10 Release Rate Modificatio n Agents 

Release rate modifying agents that are 
Hydrophobic and able to form a relatively stable 
dispersed phase within the continuous hydrogel matrix 
phase may be advantageously used as a secondary 

15 container for the substantially water soluble 

therapeutic entity. The release rate modifying agent 
retards diffusion of the water soluble therapeutic 
entity by any of a variety of mechanisms which are not 

well understood. 

20 For example, the release rate modifying agent 

may render the therapeutic agent insoluble and in a 
particulate form, or the crystallinity of the release 
rate modifying agent may prevent the diffusion of water 
and thus increase the resistance to release of the 

25 therapeutic agent. No particular mechanism for 

modification of the release rate is postulated and this 
invention should not be construed to be limited by any 
one or more such mechanisms. 

Any of a variety of low melting fatty acids, 

30 fats, oils, waxes, or other relatively hydrophobic ^ 
species having a melting point preferably below 95 °C 
more preferably below 65 °C, and most preferably below 
50 °C, nay be used as release rate modifying agents. 
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The release rate modifying agents may be solids or 
liquias at room temperature. They preferably are 
selected from species that have a relatively low 
solubility in water. "Relatively lew solubility" means 
5 that microparticles mace from these substances should 
take several hours to days, and preferably longer, to 
fully Dissolve in water (if in fact they dc fully 

dissolve at all i • 

The release rate modifying agents should, 

10 however, be pharmaceutical acceptable entities that 
ultimately are either metabolized or cleared from the 
physiological environment. Useful release rate 
modification agents that are dissolved or dispersed 
within the hydrcgei material also may be included, for 

15 example organic substances that are relatively water- 
insoluble (i.e., water immiscible), with water- 
msoiuble substances preferred. It is preferred that 
a release rate modification agent be compatible with 
the combination of polymers and solvent used to 

2 0 formulate the polymer solution. A partial list of 
compounds that suitable for use as release rate 
modifying agents is set forth i.n Table 1. 



Table 1 



Chemicai 


Melting Point !°C) 


capric acid 
undecancic 
iauric acid 

heneicosanoic (uneicosanej 
behenic acid 

behenic acid, ethyl ester 
behenic acid, methyl ester 
tricosanoic acid, methyl ester 
tridecanoic acid 
pentadecanoic acid 
heDtadecanoic acid 
heDtadecanoic, ethvi ester 


31 . 4 
28. 5 
44 

74-75 
30 
50 
54 

55. 6 

41-42 

51-53 

59-51 

28 
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Chemical 



30 



35 



40 



heptadecancic, methyl ester 
nonadecanoic acid 
nyristic acid 
myristic, benzyl ester 
mynstic, methyl ester 
oalmiric acid 
palmitic, benzyl ester 
palmitic, butyl ester 
palmitic, hexadecyl 
palmitic, methyl ester 
palmitic, myricyi ester 
palmitic, propyl 
stearic acid 

stearic acid, benzyl ester 
stearic acid, butyl ester 
stearic acia, isobutyl ester 



Meltinc Point !°C) 



stearic 
stearic 
stearic 
stearic 
stearic 
stearic 
ester 
stearic 
stearic 
stearic 
stearic 
stearic 
stearic 
stearic 
stearic 
ester 



acid, cyclchexyi ester 

acid, ethyl ester 

acid, hexadecyl ester 

acid, methyl ester 

acid, 3-oxc, ethyl ester 

acid, 2-hydrcxyethyi 

acid, 6-cxc, ethyl ester 

acid, 10-oxo, ethyl este: 

acid, 12-cxy, ethyi este: 

acid, pentyi ester 

acid, iscpentyl ester 

acid, phenyl ester 

acid, iscprcpyi ester 

acid, tetrahydrof ufuryi 



31- 


32 


68- 


70 


58 




20 . 


5 


19 




63 




36 




16. 


9 


53- 


-54 


30 




72 




20 


. 4 


71 


. i. 


28 




27 


. 5 



(ii 
44 

31-33 
57 

39. 1 

37-38 

60-61 

47 
4 1 
38 
30 

25.5 

51-53 

28 



22.5 
28.9 



Useful release rate modifying agents include, 
for example, fatty acids, triglycerides, and other like 
hydrophobic compounds, and may include, for example, 
esters of mono-, di-, and tricarboxylic acids, such as 
2-ethoxyethyl acetate, methyl acetate, ethyi acetate, 
diethyl phthalate, dimethyl pnthalate, dibutyl 
phthaiate, dimethyl adipate, dimethyl succinate, 
dimethyl oxalate, cimethyl citrate, triethyi citrate, 
acetyl tributyi citrate, acetyl triethyi citrate, 
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glycerol triacetate, di«n-butyl) sebecate, and the 
like; polyhydroxy alcohols, such as propylene glyco, 
and its oligomers; esters cf polyethylene glycol; 
glycerin; sorbitol; tnesters of glycerol, such as 
5 trialycerides; epoxicized or cligcmerized soybean oil, 
and'other vegetable oils; sterols, such as cholesterol; 
and alcohols, such as C 6 -C 12 alkancls, 2-ethoxyethanol, 

and the like. 

A release rate modifying agent may be used 

L0 singly or m combination with other such agents. 

Release rate modifying agents nay also be selected from 
-riaiycervi esters such as glyceryl distearate, 
glyceryl tristearate, glyceryl monostearate, glyceryl 
dipalmitate, glyceryl tripalmitate, glyceryl 
15 monolaurate, glyceryl didocosanoate, glyceryl 

tridocosanoate, glyceryl monodccosanoate glyceryl 
monocaprate, glyceryl dicaprate, glyceryl tricaprate, 
glycerai monomyristate, glyceryl dimyristate, glyceryl 
-rimyristate, glyceryl moncdecer.oate, glyceryl 
20 didecenoate and glyceryl tridecenoate . 

Release rate modifying agents also may 
include waxy compositions selected from the group 
consisting essentially of beeswax, cetyi palmitate, 
soermacetic wax, carnauba wax, cetyl myristate, cetyl 
25 palmitate, ceryl cerotate, stearyi palmitate, stearyl 
myristate and lauryi iaurate; natural waxes including 
vegetable waxes such as carnauba, cauassu, candelilla, 
raffia, palm esparto, sugar cane and cotton waxes; 
animal waxes such as beeswax, ghedda, Chinese insect, 
30 shellac, spermaceti and lanolin waxes; and mineral 

waxes such as paraffin , macrocrystalline, ozokerite, 
montan and syncera waxes . 

Synthetic and modified waxes useful as solid 
matrix-forming materials, such as chlorinated paraffin 
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wax. It will be appreciated that waxes are a mixture 
of various components, and that each type of wax is 
itself available in a number of different grades. 
Other hydrophobic materials which may be suitable for 
5 use as release rate modifying agents in the carrier 
system are selected from the group consisting of long 
chain carooxyiic acids, long chain carboxylic acid 
esters, long chain carboxylic acid alcohols and 

mixtures thereof. 
.0 Long chain carboxylic acids useful in forming 

release rate modifying agents generally will contain 
from 6-30 carbon atoms, preferably at least 12 carbon 
atoms, ana rr.ost preferably 12 to 22. This carbon chain 
may be fully saturated and unbranched, it may contain 
15 one or more double bonds, and it may contain 3-carbon 
rings or hydroxyl groups. Examples of suitable 
saturated straight chain acids are n-dodecanoic acid, 
r.-tetradecanoic acid, n-hexadecanoic acid, caproic 
acid, caprylic acid, capric acid, iauric acid, myristic 
20 acid, palmitic acid, stearic acid, arachidic acid, 
behenic acid, montanic acid and melissic acid. Also 
useful are unsaturated monoolef inic straight chain 
monocarboxylic acids. Examples of these are oleic 
acid, gadoleic acid and erucic acid. Also useful are 
25 unsaturated (poiyoief inici straight chain 

monocarboxylic acids. Examples of these are linoleic 
acid, Unoienic acid, arachidonic acid and behenolic 
acid. Branched acids are useful, including, for 
example, diacetyl tartaric acid. 
30 Examples of useful long chain carboxylic acid 

esters include", but are not limited to, those from the 
group of: glyceryl monostearates; glyceryl 
monopalmitates; mixtures of glyceryl monostearate and 
glyceryl moncoaimitate (Myvaplex 600, available from 
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Eastman Fine Chemical Company, Rochester, NY); glyceryl 
monolinoieate; glyceryl monooleate; mixtures of 
glyceryl monopalmitate, glyceryl monostearate, glyceryl 
rr.onocieate and glyceryl monolinoieate (Myveroi 18-92, 
5 Eastman Fine Chemical Company) ; glyceryl 

monoiinclenate; glyceryl monogadoleate; mixtures of 
glyceryl monopalmitate, glyceryl monostearate, glyceryl 
monooleate, glyceryl monolinoieate, glyceryl 
monolinolenate and glyceryl monogadoleate (Mverol 18- 
10 99, Eastman Fine Chemical Company); acetylated 

glycerides such as distilled acetylated monoglycerides 
;Myvacet 5-07, 7-C7 and 9-45, Eastman Fine Chemical 
Company); mixtures of propylene glycol mcnoesters, 
distilled monoglycerides, sodium, stearoyi lactylate and 
15 silicon dioxide (Myvatex TL, Eastman Fine Chemical 
Company); mixtures of propylene glycol monoesters, 
distilled monoglycerides, sodium stearoyi lactylate and 
silicon dioxide (Myvatex TL, Eastman Fine Chemical 
Company); d-alpha tocopherol polyethylene glycol 1000 
2 0 succinate (Vitamin E TPGS, Eastman Fine Chemical 

Company}; mixtures of mono- and di-glyceride esters; 
calcium stearoyi lactylate; ethoxylated mono- and di- 
giycerides; lactated mono- and diglycerides ; lactylate 
carboxylic acid esters of glycerol and propylene 
25 glycol; lactylic esters of long chain carboxylic acids; 
polyglycerol esters of long chain carboxylic acids; 
orooylene glycol mono- and di-esters of long chain 
carboxylic acids; sodium stearoyi lactylate; sorbitan 
monostearate; sorbitan monooleate; other sorbitan 
20 esters of long chain carboxylic acids; succinylated 
monoglycerides; stearyl monoglyceryl citrate; stearyl 
heptanoate; cetyl esters of waxes; stearyl octanoate; 
C l0 -C 30 cholesterol/iavosterol esters; and sucrose long 
chain carboxylic acid esters. 
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Alcohols useful in the invention are 
exemplified by the hydroxy! forms of the carboxylic 
acids listed above and also cetearyl alconol. 

r^t-^r* affpctin - a^^se Rates 
5 The diffusion of a hydrophobic drug, 

cissolved ir- a hydrophobic phase where it has good 
solubility, into hydrophiiic surroundings, is slow. 
The rate of drug diffusion from hydrophobic domains is 
expectec to be a function of domain size, dispersed 
:0 phase fraction, and the relative solubility cr the 
partition coefficient of the drug across the two 
phases. As the microdomair.s are either liquid or 
solidified from low melting point solids without the 
use of any solvents that can cause defects or 
15 "channels" during evaporation, phase inversion, or 
sublimation, they are expected to be free of defects 
causing orcbleros such as large burst effects. 

Once the drug is released into the continuous 
hydrocel phase, diffusion and release is expected to be 
5C rapid since these hydrogeis are known not to provide a 
significant resistance to diffusion of small molecules. 
Hydrophiiic small molecules that are dispersed in the 
oil phase are expected to have limited solubility in 
the hydrophobic phase and are expected to dissolve very 
25 slowly as the drug is transported into the hydrogel 

phase. Thus, it is expected that a saturated level of 
Vycrophiiic drug may be maintained within the 
hydrophobic domains, thereby resulting in substantially 
"zero order" or constant release from such composite 
2 C devices. 

Changes in hydrophilicity and lipophilicity 
of the hydrogel matrix material compared to the release 
.ate modifying agent are expected to have a substantial 
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effect or. the release rate of the drug being delivered. 
Other factors, such as dispersion size, distribution, 
relative drug loading and composition of each of the 
two phases, are also expected to affect release rates. 

The gel matrix may be a second rate-limiting 
factor in the release of the bioactive agent. In 
general, for lew molecular weight bioactive agents 
(e.g., agents approximately 2,000 daltons or less in 
molecular weight) the porosity of the gel matrix is not 
expected to be relevant to the rate of release of the 
bioactive agent, because in most cases such agents will 
freely diffuse through any gel. For example, most 
antibiotic compounds are expected to diffuse freely 
through gel matrices of the present invention, and the 
composition of the membrane formed by the release rate 
modifying agent will govern the rate of release of 
entrapped agent. 

On the other hand, the pore size of the gel 
may become a rate limiting factor in diffusion of a 
bioactive agent that is released from sequestered 
liposomes where the bioactive agent is of relatively 
large molecular weight. Generally, hydrcgels exclude 
molecules of 10 i daltons or larger in molecular weight. 
The pore size of hydrogels depends upon the 
concentration cf the starting macromer cr monomer used 
to make the gel (generally 4 to 30% w/w concentrations 
of the precursors are used to prepare gels: . The pore 
size may be varied further by the degree of 
cross! inking and the molecular weight between 
crosslinks of the gel. For example, if the molecular 
weight of the bioactive agent is known, one skilled m 
the art coulc prepare a gel to obtain the approximate 
diffusion rate desired by controlling crosslinking of 
the gel, hence controlling its pore size. 
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In addition to parameters such as the size of 
the bioactive agent and porosity cf the gel (which may 
be used to control the rate of diffusion of bioactive 
agents releasee from sequestered liposomes), the nature 
5 of the bioactive agent and the gel will themselves 
further affect the rate of diffusion. Thus, if the 
bioactive agent has any affinity for the gel matrix 
(e.g., affinity based upon charge, hydrogen bonding, 
van der Waals forces, etc.), diffusion through the gel 
10 cf the bioactive agent released from the sequestered 
liposomes will be slowed. 

:n addition, irrespective of the gel matrix 
that is used, the gel matrix will be freely permeable 
to fluids to which it is exposed, e.g., to tissue or 
15 body fluids or culture media, except for molecules that 
have molecular weights higher than the permeability 
limit of the gel. Thus, roicroparticles within the gel 
matrix will interact only wizh molecules that are able 
to diffuse through the gel matrix. 
20 The hydrogel matrix also may be used to 

mocifv the release of the therapeutic compound by- 
limiting its diffusion by means other than the pore 
size effect. For example, U.S. Patent No. 5,693,341 to 
Schroeder et al., which is incorporated herein by 
25 reference, describes affinity-bound collagen matrices 
for the delivery of biologically active agents. Those 
collagen matrices are formed by mixing a binding iigand 
and an active agent together, allowing the resulting 
binding iigand-active agent mixture to form an 
affinity-bound complex, and then combining the 
resulting af f inity-bcund complex with collagen to form 
a matrix. 

The foregoing method of using binding iigands 
also may be used in the hydrogel drug delivery devices 
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of the present ir.ver.rion by including the binding 
ligancs as parr of the hydrogei matrix, while the 
active agent is present either within the matrix itself 
cr in the secondary containment of a hydrophobic 
microdomain. Thus, the release of the active agent may 
be inhibited and controlled by the presence of an 
affinity ligand within the hydrogei matrix. 

The preferred binding ligand, heparin, has 
been shown to form affinity-bound complexes with a 
number of active agents, including without limitation: 
antithrcmbm III; Factors VII, IX, XI, XII, and Xlla; 
thrombin; properdin; complements CI, C2, C3 and C4; 
complement factor li; C3b inactivator; Gc globulin; 
protein KC; fibronectin; 112-glyccprotein 1; C-reactive 
protein; lipoprotein lipase; hepatic triglyceride 
lipase; VLDL, LDL; VLDL apoprotein; HDLP; restriction 
endonucleases; RNA polymerase; RNA polymerases I and 
II; DNA polymerase; DNA iigase; polynucleotide kinase; 
elongation factor (EF-i); initiation factors; protein 
synthesis factors; ribosomes; estrogen receptor; 
androgen receptor; platelet factor 4; SV 40 tumor 
antigen; Hepatitis B surface antigen; hyaiuromcase; 
collagenase inhibitor; neurophysin; and trehalose 
ohosphate synthetase. 
25 " Heparin is also known to form affinity-bound 

complexes with the following agents: transforming 
growth factor beta (TC-F-fl) , fibroblast growth factor 
(FGF), platelet-derived growth factor ( ?DGF) , epidermal 
growth factor (EGF) , osteogenin, insulin-like growth 
factors (IGFs), vascular endothelial growth factor, 
granulocvte/macroohage colony-stimulating factor (CSF) , 
gamma interferon, glia-activatmg factors, and collagen 
type v. 
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A permeation model that allows estimation cf 
hydrogei porosity and tortuosity, and thus allows for 
che computation of an effective diffusivity cf a solute 
within a hydrogei, is reported in Dong, et al . , J. 
5 Biomater. Sci . Polymer Edn.. 5:473-484 (1994). The 
release rates of various drugs from hydrogei matrices 
may be determined if all necessary parameters and 
physical properties of the drug to be released, the 
release rate modifying agent, and the hydrogei matrix 
10 material, are known. 

Taraetable Microspheres 
The size of the hydrogei bodies may be 
selected so as to direct their ultimate placement. 
15 Thus, depending on size, intravenously introduced 

microspheres may be physically trapped in the capillary 
beds of the lungs (sizes greater than 7 urn), 
phagc-cytosed by cells of the RES system (sizes greater 
than 100 run) , causing the particles to accumulate 
2 0 mainly in the liver and spleen, or may become lodged at 
extracellular sites (sizes less than 100 nm) . 

Hydrogei microspheres may be formed that 
mimic attributes cf circulating blocc cells, such as 
their size, distribution, circulation and clearance, 
25 and density, among others. Microspheres that meet 
these characteristics further may be modified to 
improve their targeting by coupling pendant tethers, 
attached tc the microsphere at one end and with 
specific signaling molecules at the other. 
30 Mere generally, the microcapsules of the 

present invention optionally may be linked with ligands 
that minimize tissue adhesion or that target the 
microcapsules to specific regions, thereby enabling 
specific therapeutic agents to be delivered to organs 
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._ nterest. For example, the liver may be targeted by 
forming hydrogei microspheres containing a therapeutic 
agent entrapped in a release rate modifying agent so 
that the microsphere expresses the asialoglycoprotein 
receptor on its surface and thus can be used to 
specifically target the liver through the vascular 
system. 

Such microspheres may have the ability to 
bind to target cells, but are net expected to 
extravasate, thus providing sustained protection and 
.-.asking of potential targets from leukocytes. 

Microspheres prepared in accordance with the 
oresent invention also potentially may act as 
therapeutic entities by competing for selectin mediated 
attachment, thereby interfering with leukocyte binding. 
In addition, they also may be able to target the 
delivery of antiinflammatory, antibiotic, antioxidant, 
or antitumor compounds more specifically to sites of 
disease . 



20 EXAMPLES 
Examcle I 

jr^rm'af inn of Hvd ™™' Mirrnspneres 

Almost monodisperse hydrogei microspheres, 
similar in size and density to circulating white blood 

25 cells such as neutrophils and leukocytes, may be formed 
that contain dangling functional groups or a bio-active 
agent. One way of forming such microspheres is by 
creating a water in oil suspension using an aqueous 
solution of a water soluble free radical polymeri zable 

30 macromer. 

Preparation of microdroplets in accordance 
wifh t»e present invention on a laboratory scale is 
possible using somcation induced by a probe sonicator. 
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For industrial scale production, Microf iuidization® 
.<Mic-ofluidics Corp., Newton, MA) is preferred. That 
orocess creates nigh shear by colliding opposing jets 
of liquid. The apparatus is described by Mayhew et 

5 al., "Characterization of Liposomes Prepared Using a 
Microemulsifier", Siochim. Biophys. Acta, 775:169-174 
U984). Alternative industrially scalable processors 
include, but are not limited to, the Gaulin and Ranme 
Kcmogemzers (APV Gaul in/Raanie Homogenizes, St. Paul, 

10 Minn . I . 

Synthesis anc characterization of water 
soluble macromers that can be polymerized to form 
biodegradable hycrogeis are reported in Sawnney et al., 
»3ioerodible Hydrogels Based cn Photopolymerized 
15 ? 0 ly(ethyleneglycol) -co-poly (or-hydroxy acid) Diacrylate 
Macromers", Macrcmolecuies, 26:581-587 (1993). 

Referring now to FIG. 2, the steps of 
fabricating hydrogel microspheres in accordance with 
the methods of the present invention are described. 
20 First, aqueous phase 20 containing a metallic salt 

(such as ferrous gluconate at a concentration of 50 to 
50,000 ppm) is added to oil phase 25, comprising an oil 
soluble peroxide or hydroperoxide (at a concentration 
of 10 to 100,000 ppm) to initiate a redox reaction. 
This reaction may be initiated after a monodisperse 
population of microdreplets has been obtained by an 
appropriate shearing mechanism. For example, the 
reaction may be controlled by first dispersing aqueous 
ohase microdroplets within the oil phase untu the 
30 squired size distribution has been attained. Stirring 
mav be continued and a further amount of oil phase, 
carrving the peroxide dissolved in it, is then 
introduced and mixed in. The aqueous phase 
microdroplets may contain any of the low molecular 
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weight water soluble therapeutic compounds Described 

hereinabove . 

The resulting microdropiets cf macromer 
polarize to form hydrogel microspheres 30. Peroxides 
5 that are soluble in the oil phase or the water soluole 
oeroxides can be dissolved in a phase transfer agent, 
that then carries the water soluble peroxide into the 
oil phase anc also facilitates the transport of the 
peroxide into the hydrogel micrcdropiet . This phase 
LC transfer effectively initiates polymerization in the 
presence of the reducing agent, which is already 
present in the macromer solution. 

The droplet size will depend cn oil and water 
phase viscosities, their relative surface energies, the 
15 presence of stabilizers and surfactants, and the 
shearing mechanism. Any of a variety of oils of 
natural or synthetic origin can be used. The 
microspheres then may be isolated by centnfugation and 
may be washed free of the oil phase by rinsing with 
2C aqueous solutions. The resulting hydrogel microspheres 
may be used shortly after preparation, or may be stored 
frozen, dried, or lyophiiized until such time as use is 
expected, in order tc provide a shelf-stable drug 

delivery matrix. 

25 It is not necessary to use the redox-type 

initiation to form such microspheres and any of a 
variety of chemical, thermal, or photochemical free 
radical initiating systems, such as are previously 
toown in the art, may be used. It is not essential 

,0 t-hat free radically-pclymer izable macromers be usee at 
ali r 0 r examoie, any of a variety of nucleopnilic or 
eiectrophilic reactive group-containing water soluble 
macromers (available from Shearwater Polymers, Inc., 
Huntsville, .ALi may be used, sc long as the two 
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^-n Hp dispersed within two 
reactive components Can oe a-5P e -^ 

separate phases. t 

Hydrogei microspheres also nay be rormea from 

Pon-oolvmerized hydroge 1-forniing materials that are 
5 stabilized by virtue of their limited solubility, ionic 
complexation or other means. More comprehensive 
listings of hvdrogels suitable for use in the present 
invention are provided hereinabove. Other means to 
form the microdropiets that are precursors to the 
10 formation of the microspheres also may be used, for 
example, ultrasonic dispersion, spraying of the 
drooiets, emulsion growth of small droplets, 
interracial polymerization around the hydrophobic cores 
initiated by agents that are dispersed in the 
15 hydrophobic phase, etc. 

Example 2 , 
rahri ration ^ ^raetahlp Microspheres 

In addition to di-functionai macrcmers, if 
sem^telechelic macromers having free hydroxyl or 

oo carboxyl groups also are added to the aqueous phase, 

the resulting microspheres may be expected to have _ree 
Junctional groups available for further 
functionaiization. If the dangling chair, ends are 
select-d ^rcm a mix of hydroxyl and carboxyl groups, 

25 separate activation schemes may be used to couple both 
carbohydrates and protein signaling sequences to the 

rnicrosDheres . 

Mucins are carbohydrate molecules present on 

-he surface of leucocytes and other white blood cells 

30 These long chain molecules have a flexible nature and 

act as tethers for cell signaling molecules. These 

molecules, for example, allow leukocytes to xaent.fy 

target sites through their rolling action. 
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ooivjethyiene oxide) molecules possess chain 
Mex^Utv by virtue of their ether linkages and may 
■op nationalized a, their ends. Thus, these molecules 
may be used as tethers that bine ceil signaling 
sequences at one end to the microsphere at the other 
end. 

The microspheres aescribec in Example 1 above 
mav be functicnaiized with appropriate cell signaling 
or" adhesion molecules that help guide the targeting of 
the microsphere upon intravascular administration. An 
injectable particle therefore may be prepared that 
includes a substance to be delivered and a polymer that 
is ccvaiently bound to a biologically active molecule, 
preferably an antibody or antibody fragment, wherein 
the particle is prepared in such a manner that the 
biologically active molecule is on the outside surface 
of the particle. In D ectabie particles with antibody or 
antibody fragments on their surfaces thus may be used 
to target specific cells or organs as desired for the 
selective dosing of drugs. 

Referring to FIG. 2, hydrcgel microsphere 4 0 
is first prepared in accordance with Example 1. Next, 
to couple carbohydrate and protein molecules, 
microsphere 4C is f unctionalized with a mix of 
dicyciohexyl carbodiimide (DCC) , which reacts with the 
carboxyl arouos, and p-nitrophenyl chicrocarbonate, 
which reacts with the hydroxyl groups, in a dry organic 
solvent (such as chloroform;, to produce microsphere 

Ira next step, coupling of a carbohydrate 
molecule of interest (such as L selectins or mucins, is 
performed ir. a basic aqueous environment (for example a 
50 -nM sodium borate buffer at pH 3.5) to produce 
-^mediate microsphere 44. A final step of coupling 
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a orcein cf interest (such as an antibody cr an 
integrin; is performed, again ir. a basic aqueous 
environment, to produce targeted microsphere 46. The 
binding cf proteins and carbohydrates may be evaluated 
by fluorescent immunocytochemical probes. The avidity 
of target molecule binding may be measured by 
competitive binding assays cr radioimmunoassays. 

The biologically active molecule, and in 
particular, an antibody or antibody fragment, may be 
covalentiy bound to the block copolymer by reaction 
with the terminal hycroxyl group cf a poiy ( aikyiene 
clyccl) by any method known to those skilled in the 
art. For example, the hydroxy! group may be reacted 
with a terminal carboxyl group or terminal amino group 
cn the molecule or antibody or antibody fragment, to 
form an ester or amide linkage, respectively. 

Alternatively, the molecule may be linked to 
P oly(alkylene glycol) through a Afunctional spacing 
group such as a diamine or a dicarboxylic acid, 
including, but not limited to, sebacic acid, adipic 
acid, isophthaiic acid, terephthaiic acid, fumaric 
acid, codecanedicarboxyiic acid, azeleic acid, pimelic 
acid, suberic acid (octanedioic acid), itacomc acid, 
biphenyl-4, 4 '-dicarboxylic acid, benzophenone-4 , 4 ' - 
dicarboxylic acid, and p-carboxyphenoxyalkanoic acid, 
in these embodiments, the spacing group is reacted with 
a hydroxyl group or. poly (aikyiene glycol), and then 
reacted with the biologically active molecule. 

As a further alternative, the spacing group 
can be reacted with a biologically active molecule or 
antibody or antibody fragment, and then reacted with a 
hydroxyl group on poly (aikyiene glycol) . The reaction 
•hould be accomplished under conditions that will not 
adversely affect the biological activity of the 
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.olecuie being covaiently attached to the nanoparticle . 

* Fo r example, conditions should be avoided that cause 

che denaturation of proteins or peptides, such as high 

^or--in o-aani^ solvents and high ionic 
c^mDerature, cer-ain o^gam- 

strength solutions, when binding a protein to the 
oa^ide. For example, organic solvents should be 
e-:,inated from the reaction system and a water soluble 
couoling reagent such as EDC should be used msteac 
Physical and chemical attributes such as 
L0 size, density, composition, receptor conjugate density, 
tether chain length etc. are expected to affect 

- ,_ K -_ a ff'rr^enhe'-gs The rolling 
targeting behavior or these ir^c^sone.e. 

behavior of these synthetic microspheres may be 

compared to that of leukocytes in a laminar flow 

15 chamber sc as to evaluate their "targeting ability." 

Optimal targeting systems may then be combinec witn 

potential drug delivery approaches. 
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Examoie 3 

pr oratio n ^ » Hvriroael lable . - . 

Eosin Y is illustratively chosen as a moae- 
water soluble drug, because it is freely soluble in 
water. 300 mg of Eosin Y may be mixed with 1 g or 
ethyl stearate and the mixture gently heatea to 4. c 
for 1 minute to allow the Eosin to dissolve and fr.e-y 
rix with the molten ethyl stearate. The mixture should 
be allowed to cool and crystallize. The mixture is 
Chen scraped from the container and transferred to a 
ban aiill to grind the powder to a small particle 

The cr.und oowder should be sieved through a 
10 0 mesh screed and the particles collected. 300 mg of 
sue* particles may be dispersed into a macroner 
solution prepared as follows. An acryiated ccpo^er 
of di-lactic acid and poly (ethylene glycol, .PEG 
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nolecular weight 8,000 daltons, 10 moles of iactoic 
ester oer mole of PEG) may be synthesized as described 
ir the" foregoing paper by Sawhney et ai., and dissolved 
in a phosphate buffered solution at a ? H of 7.4 and a 

5 concentration of 100 mg/mL. Irgacure 651 (Ciba Geigy) 
s s dissolved in N-vmyi pyrrolidine at a 
concentrator, of 600 mg/mL, and 5 uL of this initiator 
solution is added to 1 mL of the macromer solution 
under agitation. The mixture is pipetted to a 6 well 

10 dish and exposed to a long wave ultraviolet light at an 

4= i • wart s/cm J f or 1 minute to achieve 

intensity or -0 m-j-i-watts/ <~u -<j- 

celation of the macromer. 

Thus, a hydrogei tablet containing Eosin Y 
entrapped using a rate modifying agent (ethyl stearate) 

H may be formed. The tablet may be placed in an aqueous 
solution to observe the release of Eosin Y, which is 
expected to be much slower and controlled compared to a 
-ablet prepared in a similar fashion, but where the 
Eosin v is not entrapped within ethyl stearate. No 

20 phase transfer agent is required in the fabrication of 
this drug delivery system. 

Wh^e preferred illustrative embodiments of 
- he invention are described above, it will be apparent 
,5 one skilled in the art that various changes and 

modifications may be made therein without departing 
from the invention, and it ia intended in the appended 
claims to cover all such changes and modifications 
which fall within the true spirit and scope or the 
30 invention. 
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uhar is Maimed is: 

A drug delivery system comprising: 
a continuous hydrcgel matrix; 
a hydrophobic phase dispersed within the 

continuous hydrcgel matrix; and 

a cnerapeutic agent disposec within the 
hydrophobic phase, the hydrophobic phase controlling a 
rate of release of the therapeutic agent from tne 
hydrogel matrix. 

2. The drug delivery system of claim 1, 
wherein the hydrophobic phase is formed in situ during 
formation of the continuous hydrogel matrix. 

3. The drug delivery system of claim 1 
wherein the therapeutic agent has a molecular weight 
less than 20,000 Da. 

4. The drug delivery system of claim 3 
wherein tne' therapeutic agent has a water solubility of 
greater than 0.31 mg/mL. 

5. The drug delivery system of claim 2, 
wherein the ' hydrophobic phase comprises a microdroplet . 

6. The drug delivery system of claim 1, 
wherein the hydrophobic phase comprises a 
microparticle . 

7. The drug delivery system of claim 1, 
wherein the' hydrophobic phase further comprises a 
release rate modifying agent. 
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8. The drug delivery system of claim 1, 
wherein the hydrophobic phase comprises a compound 
having a melting point less than 65 °C. 

9. The drug delivery system of claim 1 
wherein the hydrogei gel matrix comprises a 
microsphere . 

10. The drug delivery system of claim 1, 
wherein hydrophilicity or Upophilxcity of the hydrogei 
matrix is selected to adjust the rate of release of the 
therapeutic agent from the hydrogei matrix. 

11. The drug delivery system of claim 1, 
wherein a pore size of the hydrogei matrix is selected 
to adjust the rate of release of the therapeutic agent 
from the hydrogei matrix. 

12. The drug delivery system of claim 1, 
wherein an affinity between the therapeutic agent and 
the hydrogei matrix is selected to adjust the rate of 
release of the therapeutic agent from the hydrogei 
matrix . 

13. The drug delivery system of claim 1, 
wherein a molecular weight of the therapeutic agent is 
selected to adjust the rate of release of the 
therapeutic agent from the hydrogei matrix. 

14 The drug delivery system of claim 1, 
further comprising a binding iigand disposed within the 

hydrogei matrix. 
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15 The drug delivery system of claim 1, 
wherein the continuous hydrogel matrix is configured to 

be delivered systemically . 

16. The drug delivery system of claim 1, 
wherein the continuous hydrogel matrix is configured to 
be delivered locally. 

17. A drug delivery microsphere comprising a 
theraoeutic agent encapsulated within a hydrogel 
matrix, the microsphere configured to preferentially 
accumulate at or within a target. 

18. The drug delivery microsphere of claim 
17, wherein the microsphere is configured to 
preferentially accumulate at or within a target 
selected from a group consisting of: a system, an 
organ, a tissue mass and a cell- 

19. The drug delivery microsphere of claim 
17, wherein a size of the microsphere is selected tc 
cause preferential accumulation at the target. 

20. The drug delivery microsphere of claim 
17, wherein the therapeutic agent is selected to cause 
preferential accumulation at the target. 

21. The drug delivery microsphere of claim 
17, wherein" the microsphere further comprises a 
targeting agent. 

22 drug delivery microsphere of claim 

21, wherein the targeting agent is bioiogicaiiy-active 



WO 00/09088 



PCT/US99/18530 



23. The drug delivery microsphere cf claim 
22, wherein the biologically-active targeting agent 
bines tc the target. 

24. A method of making a hydrogel 
microsphere comprising: 

dispersing or dissolving a first 
polymerization enabling agent within a first compound 
to form a first solution phase; 

dispersing or dissolving a polymerizable 
material and a second polymerization enabling agent in 
a second compound to form a second solution phase that 
is substantially immiscible with the first solution 
phase; 

dispersing one of the first and second 
solution phases within the other; and 

polymerizing the polymerizable material to 
form a hydrogel microsphere. 

25. The method cf claim 24, further 
comprising adding a phase transfer agent to one of the 
first and second solution phases. 

26. A method of making a hydrogel 
microsphere drug delivery system comprising: 

dispersing or dissolving a therapeutic agent 
and a first compound within a first solution phase; 

dispersing or dissolving a polymerizable 
,ate~al and a second compounc within a second solution 
phase that is substantially immiscible with the first 

solution phase; 

dispersing the first solution phase within 

the second solution phase to form a dispersion; 
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dispersing the dispersion into a phase that 
is substantially immiscible with the dispersion to form 

micrcdrcpiets; and 

polymerizing the polymerizable material to 

form hydrogel microspheres containing the 

microdroplets . 

27. The method cf claim 26, wherein 
polymerizing the polymerizable material is initiated by 
the combining the first and second compounds. 

28. The method of claim 27, furtner 
comprising adding a phase transfer agent to one of the 
first and second solution phases. 

29. The method of claim 2 6, further 
comprising controlling a level of crosslinking of the 
polymerizable material to adjust a pore size of the 
hydrogel matrix. 

30. The method of claim 26, wherein 
dispersing one cf the first and second solution phases 
witVn the other further comprises controlling the 
dispersion of one of the first and second solution 
phases into the other to adjust a size of the hydrogel 
matrix . 
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